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Introduction 29
Algogenic organic matter (AOM), consisting of cells, extracellular organic matter (EOM; released 30 from algal cells by diffusion) and intracellular organic matter (IOM; released from senescent algal 31 cells during cell lysis), causes a number of issues in potable water treatment. These substances may 32 contribute taste and odour, elevate total organic carbon (TOC) levels, increase coagulant and 33 chlorine demand, cause membrane fouling and lead to an increase in potentially-harmful 34 disinfection by-products (DBPs) such as trihalomethanes (THMs) (Bernhardt et al. 1991; Nguyen et 35 al. 2005 ; Li et al. 2012 ). Some species of algae also produce toxic metabolites which present a public 36 health risk (Žegura et al. 2011 ). The frequency and duration of algal blooms is predicted to increase 37 as a result of climate change (Ritson et al. 2014 ). Thus, developing a better understanding of the 38 Algal population density was monitored by measuring chlorophyll-a concentration. These 101 measurements were plotted over time and used to decide on the timing of the collection of larger 102 sub-samples to represent distinct growth phases. For chlorophyll-a measurement, a 20 mL sub-103 sample was filtered through a Whatman GF/C filter which was then placed in a 15 mL centrifuge 104 tube with 90% acetone (Sigma-Aldrich, Dorset, UK). After refrigerating for 24 h at 4°C, 1.5 mL of the 105 supernatant was pipetted into a 1.5 mL centrifuge vial. The solution was centrifuged at 1,800 g for 1 106 min and 347.5 µL pipetted into a 96-well clear micro-plate to achieve a 1 cm path length. 107
Absorbance at λ = 665 and 750 nm was measured using a Molecular Devices SpectraMax M2e multi-108 detection spectrophotometer (Molecular Devices, Berkshire, UK). Chlorophyll-a concentration was 109 calculated using the following formula: 110
Chlorophyll-a (mg L -1 ) = 11.9 (Abs665 -Abs750) 111
Here V is the volume filtered (mL), v is the volume of extract (mL), p is the pathlength (cm) and 11.9 112 the specific absorbance coefficient of chlorophyll-a in 90% acetone (Golterman 1969) . 113
DOC and UV analysis 114
For the measurement of DOC concentration and characteristics, samples were filtered through a 115 0.45 µm membrane filter (Whatman). DOC measurements were carried out following acidification 116 (to remove inorganic carbon) using a Thermalox TOC/TN analyser equipped with a non-dispersive 117 infrared CO2 detector (Analytical Sciences, Cambridge, UK). UV absorbance measurements were 118 made using a Molecular Devices SpectraMax M2e multi-detection spectrophotometer (Molecular 119 Devices, Berkshire, UK) with aliquots of samples pipetted into a 96-well clear micro-plate. SUVA 120 values were derived from the following formula: UV Abs254 (cm (STHMFP7d) value which provides a measure of DOC reactivity. For chlorination, 97.5 mL of diluted 136 sample was dosed with 2.0 mL of 0.5M KH2PO4(aq) to buffer the solution to pH 6.8. Samples were 137 then dosed with 0.5 mL of NaOCl(aq) to provide 5 mg of free Cl per mg of DOC. After a 7 d incubation 138
in the dark at 25°C, the reaction was quenched using 0.4 mL of 0.8M Na2SO3(aq) (all reagents supplied 139 by Sigma-Aldrich, Dorset, UK). Extraction of the four chlorinated and brominated THM species 140 (CHCl3, CHBrCl2, CHBr2Cl and CHBr3) was achieved using direct immersion SPME followed by 141 quantification using a Varian 450 GC coupled with an electron capture detector (Agilent 142
Technologies, Berkshire, UK). THM concentrations were also measured after 1 d in order to compare 143 the rate of THM formation between samples. The THM formation rate was calculated as STHMFP1d 144 as a percentage of STHMFP7d. The bromine incorporation factor (BIF) was calculated using the 145 following formula: 146 BIF = dominate the algal bloom. The timing of sample collection for each growth phase is shown in Figure  156 1 by unshaded circles. it should be noted that, whereas DOC with high hydrophobicity, HMW and high SUVA such as humic 302 material is reported to be amenable to removal by coagulation, LMW hydrophilic, low SUVA DOC is 303 reported to be relatively more recalcitrant (Sharp et al. 2006; Chow et al. 2009 ). In addition, 304 algogenic DOC is reported to be associated with higher nitrogenous DBP (NDBP) production than 305 humic DOC (Bond et al. 2011; Ritson et al. 2014 ). Thus the relationship between DOC origin and THM 306 yield in drinking water is not straightforward. 307
Rate of THM formation 308
In the present study STHMFP1d as a percentage of STHMFP7d was used to represent THM formation 309 rate. The initial rate of THM formation was found to decrease as the algal bloom progressed and 310 DOC origin shifted from predominantly humic to predominantly algogenic. Thus, in terms of THM 311 concentrations at the point of delivery to the consumer, it appears that chlorination of AOM may be 312 less problematic than chlorination of humic material in this reservoir water due to its lower initial 313 reaction rate. Previous studies have identified fast-and slow-reacting THM precursors based on DOC 314 functionality (Gallard & von Gunten 2002; Dickenson et al. 2008 ). Thus, the algogenic DOC in this 315 study appears to contain relatively more slow-reacting THM precursors than humic DOC. In the 316 fractionated samples, the death phase HPOA and HPIN fractions showed particularly low initial 317 reaction rates; STHMFP1d as a percentage of STHMFP7d was 27% and 26%, respectively, which 318 corresponds with the low reaction rate of the un-fractionated death phase sample. 319
Bromine incorporation 320
The increased bromine incorporation in the un-fractionated samples with culture age in this study and made a slight recovery during the death phase. This trend, it was suggested, was due to a 333 decrease in hydrophilic content with culture age. 334
To our knowledge bromine incorporation in XAD fractions of AOM has not been studied previously. 335
The high BIF values associated with the HPIN fraction can be explained by its low SUVA, 336 hydrophobicity and aromaticity. The variation in BIF values within the same fraction over time 337
suggests that variation in BIF in the un-fractionated samples were not simply the result of changes in 338 the fractional character, but also relate to changes in the reactivity of DOC within individual 339 
Conclusions 356
In this study an algal bloom, dominated by the green alga Ankistrodesmus sp., was generated using 357 an upland reservoir sample and monitored using chlorophyll-a measurements. Our use of natural 358 samples as opposed to pure algal cultures was designed to more accurately reflect field conditions. 359
Three distinct growth phases were identifiable (lag, exponential and death) during which sub-360 samples were collected. These were analysed to compare DOC concentration and character between 361 growth phases. In particular, we investigated the reactivity of these samples with chlorine to assess 362 the impact of algogenic DOC on THM yield in potable water. Potential variations in AOM reactivity 363 between growth phases has received little attention in the literature. 364
Our data support the findings of previous studies showing lower STHMFP associated with algogenic 365 DOC compared with humic DOC. However, in contrast to some previous studies, the present 366 experiment also found that STHMFP varied markedly between different growth phases. STHMFP 367 was found to decrease as the algal bloom progressed consistent with the following order of 368 reactivity: IOM < EOM < NOM. In addition, it was found that algogenic DOC produced both during 369 the exponential and death phases formed THMs at a lower initial rate than humic DOC, as indicated 370 by the % of THMFP7d formed within the first 24 h. These data suggest that algogenic DOC has a lower 371 THM yield than humic DOC. However, when assessing the relative risks associated with AOM and 372 humic DOC in terms of THM formation, the more recalcitrant nature of algogenic DOC should be 373
considered. 374
In addition, our data show that formation of BrTHMs, considered to be more carcinogenic, varies as 375 follows: IOM > EOM > NOM. Thus, despite its lower THM yield, AOM removal during water 376 treatment should be considered a priority, particularly during the death phase of an algal bloom. 
